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[Title of the Invention] Color Image Reader 
[Abstract] 

[Purpose] To provide a look-up table having a plurality of correction 
characteristics in accordance with a magnitude of maximum color signal or 
brightness, to realize high-precision color conversion thoroughly from 
highlight to shadow. 

[Constitution] The maximum color signal is detected from signals 
obtained by reading units 1b, lc and 1r and color difference signals Cb, Cg 
and Cr are extracted by subtracting maximum color signal Max from the 
respective signals B, G and R. Then, one of a plurality of color correction 
characteristic storing units 53b, 53g and 53r, having color correction 
characteristics different from each other including correction factors for the 
color difference signals in accordance with maximum color signal Max, is 
selected. The color difference signals are subjected to color correction 
employing the selected color correction characteristic storing unit 53b, 53g 
or 53r. Since different color correction characteristics are selected 
depending on brightness, high -precision color conversion in accordance 
with the brightness is enabled. 

[Claims for Patent] 

[Claim 1] A color image reader, comprising: 

a reading unit to read a color original in a photoelectric manner to 
obtain blue (B), green (G) and red (R) signals; 

a maximum color signal detecting unit to detect a maximum color 
signal from the signals obtained by said reading unit; 

a color difference signal extracting unit to extract color difference 
signals by subtracting said maximum color signal from the respective 
signals obtained by said reading unit; 

a plurality of color correction characteristic storing units to store 
color correction characteristics different from each other, including 
correction factors for the color difference signals in accordance with the 
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maximum color signal; 

a color correction unit to select one of said color correction 
characteristic storing units according to the maximum color signal detected 
by said maximum color signal detecting unit and to apply color correction to 
said color difference signals employing the selected color correction 
characteristic storing unit; and 

an adder to add a black ink signal obtained from said maximum color 
signal to the color-corrected color difference signals, to obtain image signals 
of yellow (Y), magenta (M) and cyan (C). 
[Detailed Description of the Invention] 

[Industrial Applicability] 

The present invention relates to color image readers, and 
particularly to a color image reader such as a color scanner for use in 
photoengraving. 

[Related Art] 

Fig. 7 is a block diagram showing a schematic configuration of a 
conventional image reader employing a CCD line sensor. In Fig. 7, 
reference characters 1b, 1g and 1r represent CCD line sensors which receive 
respective color lights of blue (B), green (G) and red (R) from a color 
original. The output signals from CCD line sensors 1b, 1g and 1r are sent 
to an A/D converter 2, where they are converted to digital image signals Db, 
Dg and Dr, respectively. These digital image signals are then sent to an 
output compensating unit 3, where they are subjected to output 
compensation using a black reference value. The output-compensated 
image signals are log transformed at a log-transforming unit 4, and 
provided to a color conversion circuit 5. 

Color conversion circuit 5 is a circuit for converting the log- 
transformed B, G and R image signals to four color components of yellow 
(Y), magenta (M), cyan (C) and black ink (K). Image signals B, G and R 
output from log-transforming unit 4 are provided to both a color difference 
signal extracting unit 51 and a maximum color signal detecting unit 52. 
Maximum color signal detecting unit 52 detects one of the input image 
signals B, G and R having a greatest signal level as a maximum color 
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signal M ax. 

Color difference signal extracting unit 51 extracts color difference 
signals Cb, Cg and Cr by subtracting the maximum color signal M ax from 
input image signals B, G and R, respectively. 

Color difference signals Cb, Cg and Cr are provided to a basic color 
correction unit 53 to suppress turbidity of color ink, variation of spectral 
characteristics of optical systems and others. Color correction unit 53 
consists of three look-up tables corresponding to respective color difference 
signals Cb, Cg and Cr. The respective look-up tables are formed of 
memories that receive the respective input color difference signals as 
addresses and output data stored in the relevant address regions as color- 
corrected color difference signals Cy, Cm and Cc, respectively. 

Fig. 8 representatively shows an example of the color correction 
characteristics of color correction unit 53. Such a color correction 
characteristic is set for each look-up table described above. In the drawing, 
Kb, Kg and Kr are coefficients (or, expansion rates of the color difference 
signals) multiplied to respective input color difference signals Cb, Cg and Cr 
for color correction, which correspond to the slope of the color correction 
characteristic in Fig. 8. As seen from Fig. 8, with the color correction 
characteristic of a conventional image reader, for the purposes of improving 
color reproduction in the highlight portion, the slope is increased in a 
region where the color difference signal is small so as to enlarge the small 
color difference signal. The color difference signals thus having undergone 
the color correction are applied to an adder 55 (Fig. 7) of a next stage. 

Maximum color signal Max output from color difference signal 
detecting unit 52 is applied to the aforementioned color difference signal 
extracting unit 51 and also to a subtracter 54. Subracter 54 subtracts 
maximum color signal Max from a white reference signal W to generate a 
black ink signal K, which is applied to adder 55. Adder 55 adds black ink 
signal K to respective color-corrected color difference signals Cy, Cm and Cc, 
to output color-converted image signals Y, M and C. 

[Problems to be Solved by the Invention] 

In the conventional technique as described above, regardless of the 
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magnitude of the maximum color signal or the brightness, the identical 
color correction was made for the identical color difference. Specifically, as 
the look-up tables constituting the color correction unit 53 were addressed 
with color difference signals Cb, Cg and Cr, the same correction values were 
output for the identical color difference signals. In practice, however, color 
reproduction varies depending on the brightness, hindering high-precision 
color conversion over the entire image from highlight to shadow. 

Accordingly, an object of the present invention is to provide a color 
image reader ensuring high-precision color conversion over the entire 
image from the highlight portion to the shadow portion, by detecting a 
maximum color signal and providing look-up tables having a plurality of 
correction characteristics in accordance with the maximum color signal. 

[Means for Solving the Problems] 

The color image reader of the present invention includes a reading 
unit, a maximum color signal detecting unit, a color difference signal 
extracting unit, a plurality of color correction characteristic storing units, a 
color correction unit, and an adding unit. 

The reading unit reads a color original in a photoelectric manner to 
obtain blue (B), green (G) and red (R) signals. The maximum color signal 
detecting unit detects a maximum color signal from the signals obtained by 
the reading unit. The color difference signal extracting unit extracts color 
difference signals by subtracting the maximum color signal from the 
respective signals obtained by the reading unit. The color correction 
characteristic storing units store color correction characteristics different 
from each other, including color correction factors of the color difference 
signals in accordance with the maximum color signal. The color correction 
unit selects one of the color correction characteristic storing units according 
to the maximum color signal detected by the maximum color signal 
detecting unit, and applies color correction to the color difference signals 
based on the selected color correction characteristic storing unit. The 
adder adds a black ink signal obtained from the maximum color signal to 
the color-corrected color difference signals, to obtain image signals of yellow 
(Y), magenta (M) and cyan (C). 
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[Effects] 

According to the present invention, at the time when a maximum 
color signal is detected from the signals obtained by the reading unit and 
color difference signals are extracted by subtracting the maximum color 
signal from the respective signals, one of a plurality of color correction 
characteristic storing units having color correction characteristics different 
from each other including correction factors for the color difference signals 
in accordance with the maximum color signal is selected, and color 
correction of the color difference signals is carried out based on the selected 
color correction characteristic storing unit. Since color correction is carried 
out differently depending on brightness, high-precision color conversion in 
accordance with the brightness is enabled. 

[Embodiments of the Invention] 

Fig. 1 is a schematic block diagram showing a color image reader as 
an embodiment of the present invention. Referring to the figure, the 
device includes CCD line sensors 1b, 1g and 1r receiving color lights of blue 
(B), green (G) and red (R), respectively, from a color original. The output 
signals of CCD line sensors 1b, 1g and 1r are converted to digital image 
signals Db, Dg and Dr, respectively, by an A/D converter 2, and then 
subjected to output compensation using a conventional black reference 
value by an output compensating unit 3. The image signals having 
undergone the output compensation are log-transformed by a log- 
transforming unit 4, and applied to a color conversion circuit 5. 

Color conversion circuit 5 converts the log-transformed image signals 
B, G and R to four color components of yellow (Y), magenta (M), cyan (C) 
and black ink (K). The image signals B, G and R output from log- 
transforming unit 4 are applied to a color difference signal extracting unit 
51 and a maximum color signal detecting unit 52. Maximum color signal 
detecting unit 52 detects one of input image signals B, G and R having a 
maximum signal level as a maximum color signal Max. 

Color difference signal extracting unit 5 1 extracts color difference 
signals Cb, Cg and Cr by subtracting maximum color signal Max from input 
image signals B, G and R, respectively. 
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Color difference signals Cb, Cg and Cr are supplied to a basic color 
correction unit 53 that performs correction for turbidity of color ink, 
variation of spectral characteristics of optical systems and others. 
Maximum color signal Max output from maximum color signal detecting 
unit 52 is applied to the aforementioned color difference signal extracting 
unit 51 and also to a characteristic switching unit 56 and a subtracter 54. 
Characteristic switching unit 56 extracts the most significant N bits M an 
(e.g., 11 bits) of maximum color signal Max for application to color 
correction unit 53. 

Color correction unit 53 is formed of three look-up tables 53b, 53g 
and 53r. Look-up tables 53b, 53g and 53r each receive, for example, an 
input address of (N+ll) bits and output data of 11 bits. Look-up tables 
53b, 53g and 53r have 2 N color correction characteristics Kbi-Kb2 n , Kgi-Kg2 n 
and Kri-Kr2 n , respectively, in accordance with the number of levels of 
maximum color signal Max. Fig. 2 is a block diagram showing a detailed 
configuration of color correction unit 53. In each of look-up tables 53b, 53g 
and 53r of color correction unit 53, respective one of the 2 N color correction 
characteristics Kbi, Kgi and Kri (i=l - 2^ is selected by the most significant 
N-bit signal Man of maximum color signal Max. Then, in the regions of 
thus selected color correction characteristics Kbi, Kgi and Kri within look-up 
tables 53b, 53g and 53r, respectively, the data further addressed by color 
difference signals Cb, Cg and Cr of 11 bits each are output as image signals 
Cy, Cm and Cc of 11 bits each. That is, look-up tables 53b, 53g and 53r are 
each formed of a memory having 11 bits at one address with an address 
space of 2< N+11 >, in which the address of the most significant N bits is 
selected by the most significant N-bit signal Man of maximum color signal 
Max, and the address of the least significant 11 bits is further designated by 
color difference signals Cb, Cg and Cr, so that optimum image signals Cy, 
Cm and Cc (of 11 bits each) in accordance with maximum color signal Max 
can be obtained. 

Fig. 3 shows graphs illustrating respective color correction 
characteristics. The Z axis represents color-corrected color difference 
signals Cy, Cm and Cc, the X axis represents color difference signals Cb, Cg 
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and Cr, and the Y axis represents the most significant N-bit signal Man of 
maximum color signal Max. In Fig. 3, the different color correction 
characteristics according to the signal levels (3 levels) are shown. (The low 
signal level represents the shadow portion, and the high signal level 
represents the highlight portion.) By employing such look-up tables 
having different color correction characteristics according to the brightness, 
it is possible to change the amounts of color correction according to the 
brightness even if the color difference signals have the same value. It is 
noted that, in Fig. 3, the color correction characteristics are provided at 
constant intervals for the magnitude of the maximum color signal or the 
brightness. Figs. 4-6 show graphs illustrating color correction 
characteristics of respective colors in accordance with the maximum color 
signal. Specifically, Fig. 4 shows the characteristics of the output of color- 
corrected color difference signal Cy with respect to color difference signal Cb. 
Fig. 5 shows the output of color-corrected color difference signal Cm with 
respect to color difference signal Cg, and Fig. 6 shows the output of color- 
corrected color difference signal Cc with respect to color difference signal Cr. 
In each figure, (A) representatively shows the color correction characteristic 
in the shadow portion, (B) in the intermediate portion, and (C) in the 
highlight portion. The color correction characteristics for the color 
difference signal Cb are changed only to a small extent among the highlight, 
shadow and intermediate portions. In particular, the slope in the 
highlight portion is suppressed. As to the color correction characteristics 
for the color difference signal Cg, the slope in the intermediate portion is 
made steep, and the slope in the highlight portion is made steep 
particularly at the low level of the color difference signal. As to the color 
correction characteristics for the color difference signal Cr, while the slope 
in the highlight portion is made small, it is made large only in a portion of 
the highlight portion where the color difference level is small. 

Thus, by changing the color correction characteristics according to 
the maximum color signal or the brightness and also according to the 
respective color difference signals, it is possible to obtain optimum image 
signals in accordance with both the brightness and the color difference. 



-7- 



Subtracter 54 generates black ink signal K by subtracting maximum 
color signal Max from white reference signal W. This black ink signal K is 
applied to adder 55. Adder 55 adds black ink signal K to respective color- 
corrected color image signals Cy, Cm and Cc, to output color-converted 
image signals Y, M and C. 

[Other Embodiments] 

In the embodiment describe above, the color correction 
characteristics are provided at constant intervals with respect to the 
brightness, and the look-up table is selected employing the most significant 
bits of the maximum color signal. Alternatively, it is possible to select the 
color correction characteristic corresponding to the maximum color signal 
received at the characteristic switching unit. In this case, it is 
unnecessary to provide the color correction characteristics within the look- 
up tables at constant intervals with respect to the maximum color signal. 
Only those corresponding to the portion where the color correction 
characteristics change according to the maximum color signal will suffice. 

[Effects of the Invention] 

In the present invention, the color correction characteristics are 
switched according to the maximum color signal. Therefore, color 
conversion can be done in accordance with the maximum color signal or the 
brightness, and thus, color reproduction (color separation) of higher 
precision is enabled. 
[Brief Description of the Drawings] 

[Fig. 1] A block diagram showing a schematic configuration of an 
embodiment of the color image reader according to the present invention. 

[Fig. 2] A block diagram showing a detailed configuration of the 
color correction unit. 

[Fig. 3] Graphs showing relations among the color correction 
characteristics. 

[Fig. 4] Graphs showing the color correction characteristics of color 
difference signal Cb. 

[Fig. 5] Graphs showing the color correction characteristics of color 
difference signal Cg. 



[Fig. 6] Graphs showing the color correction characteristics of color 
difference signal Cr. 

[Fig. 7] A block diagram showing a configuration of a conventional 
color image reader. 

[Fig. 8] A graph showing an example of a conventional color 
correction characteristic. 

[Description of the Reference Characters] 
1b, 1g and 1r: CCD line sensors, 5: color conversion circuit, 51: color 
difference signal extracting unit, 52: maximum color signal detecting unit, 
53: color correction unit, 53b, 53g and 53r: look-up tables, 55: adder, 56: 
characteristic switching unit. 
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